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INTRODUCTION 


The American species of grasses belonging to the maize tribe 
(Tripsaceae) and at least one oriental member of the tribe, Coiz 
lacryma-johi L., have greatly elongated mesocotyls (epicotyls) when 
their seedlings are grown in the dark under suitable conditions of 
moisture and temperature. 

With the object of utilizing the very open scale afforded by the 
mesocotyl as a measure of the growth substance and hence possibly 
the growth -potentialities of the plant, a long series of experiments 
has been conducted to determine the effect of temperature and of 
various radiations of known wave length and energy upon the elonga- 
tion of the mesocotyl. 

Difficulties were encountered in producing uniform effects with 
given treatments, and it was soon found that for comparative results 
there must be a rigid control of all environmental conditions. Slight 
variation in temperature, above or below the optimum, produced 
measurable effects and, in the case of wave-length studies, slight 
variations in energy resulted in detectable responses. 

In these studies the seedlings were grown in sterilized sand which, 
with washing and sterilizing, was used repeatedly. Lack of agree- 
ment between repeated experiments and excessive variability of sub- 
groups within experiments compelled increasing refinements in control 
of conditions of growth and led eventually to a study of the effect of 
the solution upon developing seedlings. 

In considering the effect of culture solutions, it should be kept 
clearly in mind that, although both cell expansion and division are 
involved, there is no growth in the sense of an increase in dry matter 
over that supplied by the material stored in the seed. The seedlings 
were in total darkness from the time of planting until they were finally 
measured, and therefore there was no photosynthesis. The experi- 
ments reported here were concerned only with those processes that 
ordinarily take place before the plumule reaches the soil surface. 


ELONGATION OF MESOCOTYL 
EFFECT OF TAP WATER AND COMPLETE CULTURE SOLUTION AT VARIABLE 
TEMPERATURE 
The first test of the effect of the culture solution was a comparison 
of the length of mesocotyl obtained in tap water with that produced 
by an equal quantity of Eaton's (3) ? solution modified by increasing 
the monopotassium phosphate (KH,PQ,) from 3 to 30 gm. for 100 


1 Received for publication March 27, 1942. 
? Italic numbers in parentheses refer to Literature Cited, p. —. 
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liters. This experiment involved 40 cans, each containing 520 gm. of 
oven-dry sand moistened with 110 cc. of solution or tap water. Each 
can was planted with 15 seeds of Funk Yellow Dent ss (Zea mays 
L.). The entire set was arranged in a space of 2 by 3 feet in 5 blocks, 
each containing 4 replications of each solution. The replications 
within blocks were paired, randomized as to position within and 
between blocks. The entire set was grown in an air-conditioned 
room where the maximum temperature had an upper limit at 80° F. 
but the minimum temperature was permitted to drop to 70°. The 
seeds were planted September 28, and the plants were measured 
October 5, 1939. Only the lengths of mesocotyls were recorded. The 
mean length for plants grown in tap water was 99.61+3.35 mm. and 
for those grown in the culture solution 124.75+3.41 mm. The vari- 
ance, apportioned on the basis of individual plant measurements, is 
shown in table 1. 


TaBLE 1.—Analysis of variance based on length of mesocotyl of individual plants 














ner eee | Degrees of Mean HI ear Degrees of | Mean 
Source of variation | frendoin square | Source of variation | freedom | square 
ee a oa | 
| Hy | | 
Nhs Coco sed | 575 8 3, 584. 59 | | Within subgroups. -_____- | 15 | 4, 810.19 
2-can groups......._._.--_| “19 | 17,330.82 | l TN ie | 1 | 1 90, 969. 45 
8-can subgroups... _._._._! 4 1 16, 783. 20 | RES EEE ae! | 555 | 3, 298. 87 





ci) 
From this analysis it is evident that the culture solutions were 
associated with differences in length of mesocoty]. 
EFFECT OF TAP WATER AND FIVE SALT SOLUTIONS AT VARIABLE TEMPERATURE 


The second test of the effect of culture solutions involved six 
solutions, one being tap water and the others as follows: 


Grams per Grams per 

Complete solution :! 100 liters No magnesium—Continued. 100 liters 

ee ke NE AR 94 EN et eo 

alia Sell gla Ee eaten tape 30 ONES a age a 27. 4 

(N 80, Be Say xe ea 27 CaSO, et aaa a me 34. 4 

gl et | RR 49 No calcium: 

“|, | FESR ieee Speer ar 30 40) PC 3 ie Jeceres 26. 4 

No potassium: MED ch gy a a 2 70. 7 

Ca(NOs;).+4H20---__------ 163. 8 MEeREMOKG 

(NHy).SO, it ‘ep a Ua ard en rs 26. 4 MgS0O,+7H,0-- nis at oe es aioe iat i a 48. 8 
MgSQ,+ 7H,O________---- 49.0 No ammonium: 

Na,HPO,+ 12H,0--__-__-_- 68. 4 *Ca(NOs)2+4H20 Big en 117.0 

No magnesium: |S SAREE OIA i gage Saree aplenes. «| eS 

Ca(NO3).+4H,O ik Bi i's sa 66 A ms a 93. 6 ace 7H,O patel Sop oar gm na 48.8 

Ss FRR Seana etree 26. 4 SS SaaS aac age 13. 7 


1 Katon’s solution modified. 


In all these solutions the minor salts, as given by Eaton, were 
added. The experiment was set up with 96 cans, each containing 
520 gm. of sterilized oven-dry sand moistened with 120 gm. of solution 
and planted with 15 seeds of Funk Yellow Dent corn. The cans 
were arranged in 16 blocks, each block containing 1 can of each 
solution. The arrangement of the solutions within the block was 
random. The experiment was located in the air-conditioned room 
used in the first test and the entire block of cans was covered with 
a tarpaulin to minimize wanton air currents that might produce 
variable temperature. The cans were planted December 1, and 
measurements of mesocotyl length were made on December 11, 1939. 
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The apportioned variance on the basis of individual plants is given 
in table 2. 


TaBLE 2.—Analysis of variance based on length of mesocotyl of individual plants 











Source of variation eee Mean square 
POR i ss PEO Ge Ed | Ap ay Sem an ie ee a 1, 374 1, 582. 90 
Ep eae ARES 2 ii ae aS emer ee y 15 1, 108. 45 
SEES Spicdnéntnetis LSE ray eer eee tT AN IN Se col gy pene Ne hap Ee 5 ! 10, 920. 92 
| SRR RES fae heise pee get oS DIET, SiR a 5 (ae EE Ma on 1, 354 | 1, 555. 29 





1 P<0.01, 


Obviously the culture solutions were associated with differences 
in mesocotyl length. The mean length of mesocotyl for each of the 
six cultures is given in the following tabulation. 


Mean length Mean length 
of messcotyle of mesocotyls 

Solution: (mm.)! — Solution—Continued. (mm.) ! 
gaa ee pee iene ge 154. 77 No magnesium... ______-.-- 167. 64 
Complete solution_-----_---- 164. 44 NO Gaiman 2022 b+ ee 
Ne Motassm 2 2 ok 161. 95 Wo ammonium. <2... 2 22-222 172. 92 


1 Differences between means less than 7.56 mm. are not significant. 


The mesocotyls produced in tap water are significantly shorter 
than those from any culture except that lacking calcium. The com- 
plete solution and the solutions lacking potassium or magnesium 
produced mesocotyls of comparable length, but omitting ammonium 
sulfate resulted in a definite increase in length of mesocotyl. The 
mesocotyls in this test were much longer than those of the first test, 
but this second experiment ran 3 days longer. 


EFFECT OF TAP WATER AND SEVEN SALT SOLUTIONS AT VARIABLE TEMPERATURE 


The third experiment repeated the second, with the addition of 
two solutions, one lacking both calcium and ammonium, the other 
containing only calcium salts. The composition of these new solutions 
was as follows: ‘ 


Grams per Grams per 

No calcium or ammonium: 100 liters All calcium: 100 liters 

Po eee ote 45. 5 Ai Sse a ee 103. 8 

PP os OEE ee 50. 5 Ca(NOs3).+4H,O-___-_-____- 163. 8 
SOMERERO 62 cc ee 13; 7 
MgSO,+7H.0 TRB aoe rE 48. 8 


The experiment was set up in 96 cans, 12 for each of the 8 culture 
solutions. Each can contained 600 gm. of oven-dry sand moistened 
with 120 cc. of solution and planted with 20 seeds of Funk Yellow 
Dent corn. The cans were arranged in 12 groups, each group con- 
taining 1 member of each solution. The cans within groups were 
randomized, as were the positions of the groups. Seeds were planted 
December 28, 1939, and the experiment was terminated January 8, 
1940. The location was identical with that of the previous experiment. 

bee apportioned variance on the basis of individual plants is given 
in table 3. 


TABLE 3.—Analysis of variance based on length of mesocotyl of individual plants 








Source of variation | ge ng | Mean square 

pS Ss ete ar ee Fs A Vb Lag wee 0 pT i as 1, 848 1, 747. 82 
EP Saiucadtevcacusoet BES LEIRN flere bibs tae nd OU a CSS Ra 11 1, 351. 33 
EE AI Cla EE PL 7 1 4, 930. 95 

+s TREE SRE REE Wea an Oe Pao RY > ane 1, 830 1, 738. 03 
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The effect produced by the solutions, although not as pronounced 
as in the previous test, is clearly significant. The mean length for 
each of the eight cultures is given in the following tabulation: 


: Mean length of z 5 Mean length of 
Solution: mesocotyl (mm)! Solution—Continued. mesocotyl (mm.)! 


Tap water ; PO ORION oo -. 168. 45 

Complete solution : No ammonium 175. 92 

No potassium . No calcium or ammonium_ 165. 87 

No magnesium ‘ All calonm—. 2. -- 178. 59 
| Differences between means less than 7.78 mm. are not significant. 


It is evident that the maximum elongation of the mesocotyl is 
dependent upon calcium and is not greatly affected by any one of the 
other salts in the solutions used. The differences in length of meso- 
cotyl between this test and the preceding one can be charged only to 
the temperature variation, as the growing period in both cases was 11 
days. ; 

ELONGATION AND DRY WEIGHT OF SEEDLING PARTS 
EFFECT OF DISTILLED WATER, TAP WATER, AND THREE SALT SOLUTIONS AT TWO 
CONSTANT TEMPERATURES 

The evident interaction of temperature and solution made it desir- 
able to test the effect of the culture solutions under different tempera- 
tures and with more rigid temperature controls. 

Two chambers were available, operating at uniform temperatures, 
one at 72°+1° F., the other at 85°+2°. These two temperatures 
are about equidistant from the optimum of 78° found for mesocotyl 
elongation. 

Five cultures were used, namely, distilled water, tap water, Eaton’s 
solution as given on page 184, this same solution at doubled concen- 
tration, and the calcium solution given on page 185. The seeds were 
planted in cans holding 600 gm. of oven-dry sand moistened with 120 
cc. of solution. Ten seeds were planted in each can through a per- 
forated disk resting on the surface. This latter was used to permit 
excising the seedlings at the surface free from sand so that dry weights 
could be obtained. The total lengths of mesocotyls, therefore, as 
given in this test are shorter by 2 cm. more or less than their actual 
lengths because of the section left in the sand. 

Ten cans of each culture were planted at each temperature and 
randomized within temperatures. They were not disturbed from the 
time of planting until the plants were measured. The series at 72° F. 
was grown for 12 days and that at 85° for 10 days. 

Three measurements of length were made on each seedling, namely, 
length of mesocotyl, coleoptile, and leaves. The sum of the lengths 
of mesocotyl and leaves gives the total seedling height. Oven-dry 
weights of the total product of each can were obtained separately 
for the mesocotyls and for the leaves, including the coleoptiles. 

In order to eliminate unequal frequencies, only the means of cans 
were used in analyzing the data, as germination was not perfect 

The variance was apportioned for each of the three measurements 
of length and for three measurements of weight, namely, weight of 
mesocotyl, weight of leaves and coleoptile, and weight per meter of 
mesocotyl. 

The means for the several seedling parts in the different cultures at 
the two temperatures are given in table 4. 
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The measurements and figures 1 to 8 show that the temperatures 
were only partly equalized by the time differential. The analyses of 
variance (table 5) show significant temperature effects for all measures 
other than length of leaves and coleoptiles. The only significant 
interaction of culture with temperature is that for the weight per 
meter of mesocotyl. The mesocotyls grown in salt solution at 72° F. 
are relatively lighter in weight per unit length than those grown in 
the same solutions at 85°. 


TABLE 5.—Analyses of variance based on means of 120 cans of 10 seedlings 
for the seedling parts shown 





Mean square 





Length Weight 


Source of variation 


Degrees 
of ack 


freedom | Per meter 

/ F =e ‘ 7 | a of 

Mesocoty] | Coleoptile Leaves Mesocotyl | Leaves mesocoty] 
length 


Mm. ; Gm. Gm. Gm. 
Tete. ....- 323. 84 ‘ .e 0. 00001 0. 00009 0. 00060 
Temperature 1 11, 197. 29 ; 5 1.00007 | 1.00151 

(SR 5 2 611.37 iy , 760. 1, 00003 | 1.00109 2 
Interaction 220. 07 ; 566. 76 . 00001 . 00003 1.00100 
SR 214. 65 L k . 00001 . 00003 . 00028 


























1 P<0.01. 
2 P<0.05, 


Interactions of temperature and culture could be expected in this 
experiment only if the 2 days’ difference in growth period allowed 
between the two temperature groups failed to equalize the tempera- 
ture differential. The only possibility for a temperature effect 
independent of time would be in case of threshold effects, and these 
could hardly be expected with the temperature range used. 

The entire experiment was somewhat disappointing in efficiency, 
since differences between pairs of means of less than 10 percent could 
not be established for most measurements. In the case of the weight 
of mesocotyl per unit length, differences of less than 20 percent be- 
tween means of treatments are of questionable validity. 
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FiaurE 1.—Mean length of mesocotyls of maize seedlings grown in five cultures 
(p. 186) in the dark at 72° and 85° F. 
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Figure 2.—Mean length of coleoptiles of maize seedlings grown in five cultures 
(p. 186) in the dark at 72° and 85° F. 
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Figure 3.—Mean length of leaves of maize seedlings grown in five cultures 
(p. 186) in the dark at 72° and 85° F. 
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Figure 4.—Mean length of entire seedlings of maize grown in five cultures 
(p. 186) in the dark at 72° and 85° F. 
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five cultures (p. 186) in the dark ‘at 72° and 85° 
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Fiaure 8.—Mean oven-dry weight of entire seedlings of maize grown in five 
cultures (p. 186) in the dark at 72° and 85° F. 


TEMPERATURE EFFECTS 


With all the cultures the length of the mesocotyl at the higher 
temperature was significantly greater than the length at the lower 
temperature for the corresponding culture. There was no tempera- 
ture effect on length of coleoptile or tops or on total length. 

There was a temperature effect on weight of mesocotyl such that the 
mesocotyls at the lower temperature were the heaviest, and this was 
true also for the weight of tops, which was significantly greater at the 
lower temperature in all the cultures except the distilled water. 

In all cultures the weight per meter of mesocotyl was greater at 
the lowest temperature, and in every case the entire plants weighed 
more at the lowest temperature. 

The entire plant at this stage weighed approximately 15 percent 
of the dry weight of the seed when planted. 


SoLutTion EFrects 


Taking the plants in distilled water as the base, the following facts 
are demonstrable: 


(1) At the lower temperature the cultures in the concentrated solution and in 
the calcium solution have significantly longer mesocotyls. 

(2) At the higher temperature there are no significant differences in mesocotyl 
length. 

(3) At both temperatures the coleoptiles are significantly longer in the two 
complete solutions. 

(4) At both temperatures the tops are significantly longer in the two complete 
solutions. 

(5) At both temperatures the entire seedlings are significantly taller in the two 
complete solutions. 

(6) At neither temperature are the weights of mesocotyls affected by the 
solutions. 

(7) At both temperatures the weights of tops are significantly greater in the 
two complete solutions. 

(8) At the lower temperature the weight per meter of mesocotyl is significantly 
less in the two complete solutions and in the calcium solution. 
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(9) At the lower temperature the seedlings grown in tap water and in the two 
complete solutions are significantly heavier. 


(10) At the higher temperature only the seedlings grown in the concentrated 
solution are significantly heavier. 


From the above results, it is apparent that the two complete solu- 
tions have a profound effect on the elongation of the maize seedling 
growing without light and on the transfer of stored material from the 
seed. This effect is greater at temperatures below the optimum. On 
the other hand, it is equally apparent that except for the size of meso- 
cotyl the active element in the complete solution is not calcium. 
Calcium, however, appears to be the activating element in mesocotyl 
lengths, as indicated by the total length and the reduced weight per 
meter. This suggests that the role of calcium, insofar as it affects 
this organ, is one of stimulation of elongation rather than the speeding 
up of the translocation of stored material from the endosperm. 

It may be concluded that, although calcium in the solution will 
insure the complete elongation of the mesocotyl, the other salts present 
in the complete solutions are needed for the greatest development of 
the plant parts above the mesocotyl. 

From the reactions at the two temperatures it may be concluded 
that the function of the salts in the solution i is to speed the transfer of 
stored material to the leaves. . 3 


EFFECT OF DISTILLED WATER AND COMPLETE CULTURE SOLUTION AT CONSTANT 
TEMPERATURE 

Although it has been shown by the three previous experiments that 
seedlings grown in culture solutions in the dark are larger than those 
grown in distilled water, the possibility remains that the solutions do 
not increase the ultimate size of the seedlings but act merely as ac- 
celerating agents, speeding the transformation of the stored starch and 
the translocation of the resulting sugars from the endosperm to the 
seedling. It was not practicable to prolong the experiments until all 
seedling growth had ceased, because of the break-down of tissue from 
decay; therefore, in the experiments thus far conducted, if the solu- 
tions increased the rate of translocation, this would be reflected as an 
increase in the size of the seedling. 

As a preliminary investigation of the effect of solution on the speed 
of seedling growth, the following experiment was started June 14 in a 
chamber operating at a constant temperature of 72° F. In this ex- 
periment 24 soil cans were used, each containing 575 gm. of coarse, 
oven-dry sand, the particles of which passed a \2-inch sieve and were 
caught on a \s-inch mesh. 

ach can was planted with 20 seeds of Funk 1939 stock, but the 
weights of this seed were not obtained. After planting, 12 cans were 
wet with 110 cc. of Eaton’s solution at twice the published concentra- 
tion, and 12 were wet with 110 cc. of distilled water. The cans were 
then covered with tin tubes and placed in the 72° F. chamber. Be- 
ginning on June 19, 5 days after planting, 2 cans from each solution 
were removed at random daily with the exception of June 23 (Sunday), 
giving 6 samplings. Measurements were recorded for mesocotyls, 
coleoptiles, and tops. These parts, as products of single cans, to- 
gether with the roots, were oven-dried separately and weighed. The 
data are given in table 6, and shown graphically in figures 9 to 16. 
The analyses of variance are given in table 7 
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TABLE 7.—Analyses of variance based on means of 24 cans of 20 seedlings for the 
, ' seedling parts shown 





















































Mean square 
| =e shiccie eta 
Length Weight 
| Source of Degrees ae at 
-artant of free- R 
variation dom Total | Weight 
Seed | recov- per 
— omer Leaves — Leaves | Roots | _resi- ered | meter 
pie e y due dry jof meso- 
matter | cotyl 
{ Ties Se: er ECE ee eee SUES) RUSS Sr SA! 
} RN ccc aac 23) 1, 698. 27 440.09} 3, 404. 33/0. 000027) 0. 00438/0. 000023) 0. 00190)/0. 000491 )0. 000981 
| Culture_-_-__---. 1 185. 76}! 1,053. 37|! 14,710. 91] 1.000030} 1.00168) . 000003) |. 00246] . 000201) 1.002380 
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ee 12 62. 23 11. 02 98. 47) .000003} .00022) .000001| . 00010) . 000083) . 000102 
1 P<0.01 
2 P<0.05 


The effect of the culture solution was greatest on the tops. At 
the termination of the experiment, the dry matter in the tops was 
at its highest point, and this is true also for the length of tops, while 
the plants in distilled water had attained their limit. 

There was no demonstrable effect of the culture solution on weight 

\ of roots. 

In conformity with the effect of solutions on seedling parts, the 
seed residues show that the culture solution accelerated the trans- 
location of material from the seed and removed a greater total amount. 

In weight per meter of mesocotyl the culture solution produced { 
plants with less dry matter for unit of length in this organ. The 
ratio of dry matter to unit length declined with length, and ‘therefore 
with time. Apparently increase in length is at least partly at the 
| expense of diameter. 

he measurements show that the experiment continued until 
the mesocotyls had begun to shrink in length and lose in weight. 
It is apparent that the culture solution used accelerated the elonga- 
tion of the mesocotyl but did not increase its final length, and the 
numbers were too small to establish the significance of this interac- 
tion. On the other hand, the solution not only hastened the elon- f 
gation of coleoptiles and tops, but it also resulted in an increase in 
their final length. Evidently the seedlings in the distilled water 
had reached their final size before the conclusion of the experiment, 
which would indicate that the salt solution facilitated the translo- 
cation of the stored products from the seed. It is possible that in 
distilled water the loss of solutes from the seed to the solution becomes 
a limiting factor on further translocation. However, other experi- 
ments show that the loss of dry matter to the solution is only about 5 
percent more in the distilled water than in the solution. 

At every sampling date after the first, the dry matter in the meso- 
cotyls of seedlings grown in distilled water exceeded that of seedlings 
grown in the solution. By the third sampling date, the mesocotyls 
of seedlings grown in the solution had reached their maximum dry- 
matter content and declined from then on, probably because of the 
drain made by the rapidly growing tops. 
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Figure 9.—Increase in length of mesocotyls of maize seedlings grown in the dark 
in two cultures at a constant temperature of 72° F. Solid line, distilled water; 
broken line, Eaton’s solution at double concentration. 
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Figure 10.—Increase in length of coleoptiles of maize seedlings grown in the dark 
in two cultures at a constant temperature of 72° F. Solid line, distilled water; 
broken line, Eaton’s solution at double concentration. 
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Ficure 11.—Increase in length of leaves of maize seedlings grown in the dark in 
two cultures at a constant temperature of 72° F. Solid line, distilled water; 
broken line, Eaton’s solution at double concentration. 
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Figure 12.—Increase in weight of mesocotyls of maize seedlings grown in the dark 
in two cultures at a constant temperature of 72° F. Solid line, distilled water; 
broken line, Eaton’s solution at double concentration. 
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Figure 13.—Increase in weight of roots of maize seedlings grown in the dark in 
two cultures at a constant temperature of 72° F. Solid line, distilled water; 
broken line, Eaton’s solution at double concentration. 
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Figure 14.—Increase in weight of leaves of maize seedlings grown in the dark in 
two cultures at a constant temperature of 72° F. Solid line, distilled water; 
broken line, Eaton’s solution at double concentration. 
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FiaurE 15.—Decrease in weight of seed residue of maize seedlings grown in the 
dark in two cultures at a constant temperature of 72° F. Solid line, distilled 
water; broken line, Eaton’s solution at double concentration. 
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FiGuRE 16.—Decrease in weight per meter of mesocotyl of maize seedlings grown 
in the dark in two cultures at a constant temperature of 72° F. Solid line, 
distilled water; broken line, Eaton’s solution at double concentration. 
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EFFECT OF DISTILLED WATER AND TWO SALT SOLUTIONS AT TWO CONSTANT 
TEMPERATURES 


In view of the conclusions drawn from the preceding experiment, 
it was desirable to repeat the test on a larger scale. Three cultures 
were used, namely, distilled water, the complete solution given on 
page 184 at double concentration, and the calcium solution given on 
page 185 at double the concentration. The two chambers used in the 
experiment described on page 186 were used, but the temperatures 
were 69° and 90° F. Thermograph records kept during the experi- 
ment show these temperatures to have been maintained with a high 
degree of uniformity. 

The seedlings were grown in tin soil cans, 10 weighed seeds of Funk 


‘Yellow Dent corn.in each can. The cans contained 550 gm. of oven- 


dry crushed coarse quartz moistened with 110 cc. of solution. The 
seeds were random samples from a large mixed lot weighed in 10 seed 
groups and assigned at random to the cans. Analysis of variance 
showed that the random arrangement had been achieved. Thirty 
cans of each solution were planted at each of the two temperatures. 
Within each temperature the cans were randomly arranged. The 
seeds were planted January 8, 1941, and 5 days after planting 5 cans 
were sampled from each solution at each temperature every 24 hours 
for 6 days thereafter. The seedling parts of the individual seedlings 
were measured and washed free of quartz particles, after which the 
products of each can were dried at 100° C. and weighed. The weights 
were not made on an individual-plant basis but on the product of an 
entire can of 10 seedlings. 

The results are shown in table 8, and the apportioned variances are 
given in table 9. The measurements show that 90° F. is too high a 
temperature for the sampling system followed. For comparable, 
useful thermal units, the growth thermometer might be thought of as 
covering that section of the Fahrenheit scale lying between 50° and 
120°. For equal seedling sizes at temperatures of 69° and 90°, 
sampling of the 90° cultures should be at intervals one-half the 
length of those at 69°; for example, where the 69° culture was sampled 
5 days after planting, sampling of the 90° culture should have started 
at 2 days. 
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The results of this experiment did not confirm the data, obtained 
from the preceding experiment, on the effect of the complete solution 
on length of mesocotyl. A comparison of figures 9 and 17 shows that, 
while the growth curves in the two experiments are very similar in 
rate and final size for the plants grown in the complete culture solu- 
tion, they are astonishingly different for the plants grown in the dis- 
tilled water. In the experiment illustrated in figure 9, the length of 
mesocotyl in distilled water is equal to that in the complete solution 
and both are very long. 

For the seedling parts above ground, the analyses of variance 
(table 9) show significant interactions of solutions with temperature. 
The nature of these interactions is shown in figures 17 to 21. With 
the exception of measures of mesocotyl development, at 69° F. 
the plants in the calcium solution were more nearly like those in dis- 
tilled water, and at 90° these plants were intermediate between 
those in distilled water and those in the complete solution. The 
root development shows no interaction of solution with temperature, 
though there is a significant triple interaction of solution, temperature, 
and time. 

LenetH or MEsocoryL 


It is evident that at the first sampling date the mesocotyls in all 
three solutions in the 90° F. culture were approaching their maximum 
length. Only the upper reaches of the curves are available (fig. 17, 
A). It is clear, however, that the solution of calcium salts produces 
the longest mesocotyls, although there is not much difference in this 
respect between the two nutrient solutions. In the 69° culture both 
nutrient solutions clearly accelerated the elongation of the mesocotyls 
and carried them to a greater final length than did distilled water (fig. 
17, B). This is not in accordance with the results first obtained (p. 
197 and fig. 9). The calcium solution was more effective in stimulat- 
ing the elongation of the mesocotyl than was the complete solution, 
thus confirming the results of the previous experiments. 


LENGTH OF COLEOPTILE 


Both solutions were more effective than distilled water in producing 
long coleoptiles at 90° F. The complete solution produced the longest 
coleoptiles, but the two solutions were very similar in this respect 
(fig. 18, A). At 69° the differences in coleoptile length between the 
three solutions were not so great (fig. 18, B). The coleoptiles in the 
calcium solution and in distilled water were much more nearly the 
same size at 69° than at 90°. As at 90°, the complete solution pro- 
duced the longest coleoptiles at 69°. 


LENGTH OF Tops 


At 90° F. the true leaves were very much longer in the complete 
solution and grew faster than in the other solutions (fig. 19, A). The 
calcium solution produced leaves midway in length between those in 
the complete solution and those in distilled water. At 69° the lengths 
of leaves in the calcium solution and in the distilled water were very 
nearly alike, whereas the complete solution produced long, rapidly 
elongating leaves (fig. 19, B). 
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Figure 17.—Increase in length of mesocotyls of maize seedlings grown in the 
dark in three cultures (p. 204). Solid line, distilled water; broken line, Eaton’s 
solution at double concentration; dotted line, calcium solution at double 


concentration, Cultures grown at a constant temperature of (A) 90° F., 
(B) 69°. 
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FiGcureE 18.—Increase in length of coleoptiles of maize seedlings grown in the 
dark in three cultures (p. 204). Solid line, distilled water; broken line, Eaton’s 
solution at double concentration; dotted line, calcium solution at double 


concentration. Cultures grown at a constant temperature of (A) 90° F., 
(B) 69°. 
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Figure 20.—Increase in weight of mesocotyls of maize seedlings grown in the 
dark in three cultures (p. 204). Solid line, distilled water; broken line, Eaton’s 
solution at double concentration; dotted line, calcium solution at double 


concentration. Cultures grown at a constant temperature of (A) 90° F., (B) 
69°. 
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WEIGHT OF MESOCOTYL 


The relatively late sampling period for the 90° F. culture is shown 
graphically in figure 20, A, where the dry weights of mesocotyls are 
greatest on the first sampling day and decline each day thereafter. 
The mesocotyls were heaviest in the calcium solution, which would be 
expected to follow from the greater length of this organ in this solu- 
tion. The loss in dry matter is probably the result of the drain made 
by the rapidly elongating leaves, which doubtless pull sustenance from 
the mesocotyl as well as from the seed. In the 69° culture the dry 
weights of mesocotyls increase with time in all three solutions, until 
at 9 days after planting all three start to decline (fig. 20, B). The 
leaves at this temperature are exserted from the coleoptile 7 days after 
planting, but apparently the seed is able to provide food for both 
leaves and mesocotyls as long as these organs are located close to the 
source of supply. At 8 days the leaf node is 16 to 18 cm. above the 
seed in the culture solutions and the mesocotyl begins to lose dry 
matter to the leaves. At 69°, as at 90°, the dry matter in the meso- 
cotyls is greatest in the calcium solution. 


WEIGHT or Tors 


The weight of the tops at 90° F. reached its maximum in the com- 
plete solution 7 days after planting and in the calcium solution 8 days 
after planting (fig. 21, A). In distilled water the weights were irreg- 
ular, but the heaviest plants were obtained on the last sampling date, 
10 days after planting. The weight of dry matter represented by the 
leaves was greatest in the complete solution, least in distilled water, 
and almost the mean of these two in the calcium solution. At 69° 
the greatest weights in all three solutions were obtained 10 days after 
planting (fig. 21, B). Here distilled water and the calcium solution 
were not greatly different in the dry weight of leaves produced. The 
complete solution was outstanding, with leaves twice as heavy as 
those in the calcium solution. 


WEIGHT oF Roots 


The weight of roots in the 90° F. culture was very irregular, but 
the heaviest roots were found in distilled water and the lightest in the 
calcium solution (fig. 22, A). The weight of roots in complete solu- 
tion was very similar to that in the distilled water. The weight de- 
clined in all three cultures before the final sampling date, indicating 
a loss of dry matter to the upper parts of the seedling. In the 69° 
culture the weight of roots increased rapidly with time in all three 
solutions and was greatest at the close of the experiment (fig. 22, B). 
The calcium solution was distinctly a poor medium for root develop- 
ment in comparison with the complete solution and the distilled water, 
which were very similar in their effect on roots. 


WEIGHT oF MEsocoTyL PER Unit LENGTH 


As a means of expressing the weight per unit of length of mesocotyls, 
the weight per meter was chosen. At both temperatures and in all 
solutions, the weight per meter declined with time (fig. 23, A and B). 
As the mesocotyls increased in length, they decreased in dry weight 
per meter. The weight per meter was greatest in the distilled water 
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at both temperatures and for all sampling periods and conversely 
was lightest in Haton’s solution. 

From one point of view it could be assumed that a certain amount 
of dry matter was apportioned to the mesocotyl, and, as this organ 
became longer with age or by nutritional stimulation, the amount of 
dry matter per unit length necessarily became less. However, the 
po salts produced the longest mesocotyls but not the lightest in 
weight per unit of length, and the actual weight of dry matter in the 
mesocotyl was greater in the two solutions than in distilled water. 
The most probable explanation for the loss in unit weight with time 
and with nutritional stimulation is that both these conditions advance 
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Fiagure 22.—Increase in weight of roots of maize seedlings grown in the dark in 
three cultures (p. 204). Solid line, distilled water; broken line, Eaton’s solu- 
tion at double concentration; dotted line, calcium solution at double 


concentration. Cultures grown at a constant temperature of (A) 90° F., 
(B) 69°. 


the seedling ontogeny, with the result that the developing leaves 
begin to constitute a drain on the nutrients in the mesocotyls. Under 
these conditions weight per unit length would decrease with length 
and time. 

WEIGHT oF SEED RESIDUE 


The amount of material remaining in the seed, of course, decreased 
with time. At 90° F. the reserve material remaining in the seed was 
greatest in distilled water and least in Eaton’s solution (fig. 24, A). 
The calcium solution was approximately midway between these two 
at all sampling periods. The curves show that for this temperature 
the maximum rate of decline had been reached at the time of the first 
sampling date, and at 7 days after planting the rate of decline had 
distinctly slowed. 
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At 69° F. the solutions stood in the same order as at 90°, but the 
distilled water and calcium solution were almost identical (fig. 24, B); 
The rate of decline was much greater in all solutions at this temper- 
ature than at 90°, but this doubtless is due to the relatively earlier 
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FicureE 23.— Decrease in weight per meter of mesocotyl of maize seedlings grown 
in the dark in three cultures (p. 204). Solid line, distilled water; broken line, 
Eaton’s solution at double concentration; dotted line, calcium solution at 
double concentration. Cultures grown at a constant temperature of (A) 90° 
F., (B) 69°. 


sampling period. At the close of the experiment there was no evi- 
dence of a slackening in rate of decline. 


WEIGHT oF Dry MatTreER RECOVERED AND OF Dry Matter Lost 


The weights of dry matter recovered and of dry matter lost are 
complementary. The amount of dry matter recovered declines 
rapidly with time, and, conversely, the amount of dry matter lost 
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increases rapidly with time (fig. 25, A, B, and fig. 26, A, B). In 
measurements of this nature there are necessarily some unavoidable 
losses due to handling, despite meticulous care. A certain loss of 
small hair roots is known to have occurred, and the total weight lost 
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Figure 24.—Deerease in weight of seed residue of maize seedlings grown in the 
dark in three cultures (p. 204). Solid line, distilled water; broken line, Eaton’s 
solution at double concentration; dotted line, calcium solution at double con- 
centration. Cultures grown at a constant temperature of (A) 90° F., (B) 69°. 


through this facter would increase with the increasing size of the 
seedlings, because as the plants became larger not only were there 
more roots to lose but also it was more difficult to separate the seed- 
lings from the quartz. More agitation in water was required to 
remove the quartz, and consequently there was an increased loss of 
small roots. 
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However, only a fraction of the lost dry matter can be accounted 
for by losses in handling. The principal cause of loss was undoubtedly 
the presence of micro-organisms; this was reflected in the greater losses 
at the higher temperatures, as the cultures were not sterile. 

A second large factor in the loss of weight must be the energy 
utilized in the process of translocation with elongation, starch con- 
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Figure 25.—Decrease in weight of total dry matter recovered from maize seed- 
lings grown in the dark in three cultures (p. 204). Solid line, distilled water; 


broken line, Eaton’s solution at double concentration; dotted line, calcium 


solution at double concentration. Cultures grown at a constant temperature 
of (A) 90° F., (B) 69°. 


3 


version, oxidation, etc. There is a third factor, namely, the loss of 
solutes to the solutions. Were this an important factor, the distilled- 
water cultures would show the greatest loss, and to some extent they 
do, although the differences between the three cultures are not con- 
sistent at all sampling dates. 


Weicut or Dry MatrerR TRANSLOCATED 


In both temperature series the greatest quantity of dry matter 
removed from the seed to the plant occurred in Eaton’s solution (fig. 








218 Journal of Agricultural Research Vol. 66, No. 5 





27, A). At 90° F. in the complete solution the maximum amount 
of dry matter had been translocated 7 days after planting, whereas 
in the calcium solution and in the distilled water the maximum was 
reached at 8 days. The calcium solution stood almost midway 
between the distilled water and the complete solution at 90° but not 
at 69°, where the curves for distilled water and calcium are closely 
parallel. At 69° in the complete solution the rate of dry matter trans- 
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Fiaure 26.—Increase in weight of total dry matter lost of maize seedlings grown 
in the dark in three cultures (p. 204). Solid line, distilled water; broken line, 
EKaton’s solution at double concentration; dotted line, calcium solution at 


double concentration. Cultures grown at a constant temperature of (A) 90° 
F., (B) 69°. 


located was increasing at the close of the experiment, and the amount 
of translocated material actually exceeded that for the same solution 
at 90° (fig. 27, B). 


PERCENTAGE OF RECOVERED Dry MATTER TRANSLOCATED TO THE SEEDLING 


Of the dry matter recovered, the largest percentage translocated to 
the seedling is found in Eaton’s solution at 90° F., where almost 70 
percent of the dry matter left at the close of the experiment was found 
iv: the seedling (fig. 28, A). At this temperature the calcium solution 
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stood midway between the distilled water and the complete solution. 


All three groups had passed their maximum rates by the seventh or 
eighth day from planting. 
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Figure 27.—Increase in weight of total dry matter translocated from seed to 
seedling of maize grown in the dark in three cultures (p. 204). Solid line, dis- 
tilled water; broken line, Eaton’s solution at double concentration; dotted line, 
calcium solution at double concentration. Cultures grown at a constant tem- 
perature of (A) 90° F., (B) 69°. 
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Figure 28.—Percentage of recovered dry matter translocated from seed to seed- 
ling of maize grown in the dark in three cultures (p. 204). Solid line, distilled 
water; broken line, Eaton’s solution at double concentration; dotted line, cal- 
cium solution at double concentration. Cultures grown at a constant tem- 
perature of (A) 90° F., (B) 69°. 


At 69° F. the solutions stood in the same order. Even in the com- 
plete solution less than 60 percent of the recovered dry matter was 
found in the seedlings, although the rate was still rising for this solution 
(fig. 28, B). For the distilled water and the calcium solution, which 
were very closely alike, the rates of transfer had apparently reached 
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a maximum at the close of the experiment at a level well below that 


reached at the higher temperature. 
PERCENTAGE OF TOTAL RECOVERED Dry Matter IN Tops 


At the close of the experiment 40 percent of the recovered dry matter 
was found in the leaves and stems of the seedlings growing in the com- 
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Ficure 29.—Percentage of recovered dry matter found in tops of seedlings of 
maize grown in the dark in three cultures (p. 204). Solid line, distilled water; 
broken line, Eaton’s solution at double concentration; dotted line, calcium 
solution at double concentration. Cultures grown at a constant temperature 
of (A) 90° F., (B) 69°. 


plete solution at 90° F., and evidently the maximum point had been 
The curve for the seedlings growing in the cal- 


reached (fig. 29, A). 
cium solution falls almost midway between that for distilled water 
and that for the complete solution. 

At 69° F. none of the cultures had reached the maximum point at 
the close of the experiment. Here the curves for the calcium solution 
and for the distilled water lie close together and are very similar (fig. 


29, B). 
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PERCENTAGE OF ToTaL RECOVERED Dry Marrer In Roots 


There was very little difference between the cultures in the per- 
centage of dry matter translocated to the roots, except that at 90° F. 
the roots in the distilled water clearly exceeded those in the other 
cultures (fig. 30, A). At 69° the percentage of dry matter found in 
the roots was greatest in the complete solution, though not outstand- 
ingly so (fig. 30, B). The percentages were uniformly higher at 90°, 
though at this temperature the maximum point evidently had been 
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Figure 30.—Percentage of recovered dry matter found in roots of seedlings of 
maize grown in the dark in three cultures (p. 204). Solid line, distilled water; 
broken line, Eaton’s solution at double concentration; dotted line, calcium 


solution at double concentration. Cultures grown at a constant temperature 
of (A) 90° F., (B) 69°. 


reached for all three cultures at the time the experiment was termi- 


nated. This point had not been reached for any of the cultures at 
69°. 


PERCENTAGE OF ToTAL RECOVERED Dry Matrer 1n MEsocoTyL 


At 90° F. the percentage of dry matter in the mesocotyl was great- 
est for the calcium solution and least for the distilled water (fig. 31, 
A). In general, the percentage declined in the complete solution from 
the first samples, though the decline was irregular. The lack of agree- 
ment in the form of the three curves at 90° may have resulted from the 


rapid expansion of the leaves in the complete solution in comparison 
with those in the other two. : 
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At 69° F. the three solutions produced comparable curves until the 
last two sampling periods, when the percentage declined in the com- 
plete solution (fig. 31, B). 
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Ficure 31.—Percentage of recovered dry matter found in mesocotyls of seedlings 
of maize grown in the dark in three cultures (p. 204). Solid line, distilled water; 
broken line, Eaton’s solution at double concentration; dotted line, calcium 
solution at double concentration. _ Cultures grown at a constant temperature 
of (A) 90° F., (B) 69°. 
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PERCENTAGE OF Dry Matrer TRANSLOCATED 


The percentage of dry matter translocated from the seeds to seed- 
ling parts is shown in figure 32, A and B. At 90° F. the three solu- 
tions stood in the order of Eaton’s, calcium, and distilled water, the 
first-named having the highest percentage. The three curves are 
very similar in shape, with the maximum percentage at about 8 days 
after planting. The decline that sets in after this period is the result 
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Figure 32.—Percentage of original dry matter translocated from seed to seedling 
of maize grown in the dark in three cultures (p. 204). Solid line, distilled water; 
broken line, Eaton’s solution at double concentration; dotted line, calcium 
solution at double concentration. Cultures grown at a constant temperature 
of (A) 90° F., (B) 69°. 


of dry matter lost, probably chiefly to fungi and bacteria. However, 
this does not furnish a complete explanation, as at 69° the percentage 
of dry matter translocated increased fairly steadily in all three cul- 
tures, and in the complete solution on the last sampling date actually 
exceeded the maximum found in the 90° group. Further, reference 
to figure 26, A and B, shows the two temperature groups to have very 
similar loss curves. It should be noted that the maximum percentage 
of dry matter actually moved from the seed to the seedling is less 
than 40 percent in the most effective culture and less than 25 percent 
in distilled water. 
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PERCENTAGE OF Dry MatTTER IN SEED RESIDUE 


Of the dry matter in the seed when planted, that not translocated 
to the seedling was either left in the seed or lost. Of course, part of 
the seed material is not usable by the seedling and part of it, though 
used, remains in the seed, such, for example, as that in the scutellum. 
At 90° F., at all sampling dates, the seed residues were least in the 
complete solution and greatest in distilled water, in line with the 
seedling sizes and percentages of dry matter translocated. It is quite 
evident from figure 33, A, that the decline in weight of seed residue 
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Figure 33.—Percentage of dry matter in seed residue of maize grown in the dark 
in three cultures (p. 204). Solid line, distilled water; broken line, Eaton’s solu- 
tion at double concentration; dotted line, calcium solution at double concen- 

tration. Cultures grown at a constant temperature of (A) 90° F., (B) 69°. 









































had set in 7 or 8 days after planting. 

At 69° F. the percentage of dry matter left in the seed was least in 
the complete solution. The curves for distilled water and the cal- 
cium solution are almost identical (fig. 33, B). The rate of loss bad not 
slackened in any of the three cultures, but even in the complete 
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solution 30 percent of the original dry matter was still to be found in 
the seed. : 
PERCENTAGE OF Dry Marter Lost 


The percentage of dry matter lost has been discussed on pages 215- 
217. The graphs (fig. 34, A and B) serve to strengthen the conclusion 
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Fiagure 34.—Percentage of original dry weight of feeds not recovered in seed 
residue and seedlings of maize grown in the dark in three cultures (p. 204). 
Solid line, distilled water; broken line, Eaton’s solution at double concentra- 
tion; dotted line, calcium solution at double concentration. Cultures grown 
at a constant temperature of (A) 90° F., (B) 69°. 
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that this factor was not greatly influenced by the nature of the culture 
solution and to bring out the fact that the percentage of dry matter 
lost was very much higher in all solutions at 90° F. than at 69°. 
There is some evidence that the greatest percentage of dry matter 
was lost in distilled water at the higher temperature and in the com- 
plete solution at the lower temperature. 


GERMINATION 


Neither the cultures nor the temperatures had any effect on. germi- 
nation percentage, which was 99 for the entire experiment. Although 
germination was lowest in distilled water and highest in the complete 
solution, the difference between these two solutions was not significant 
(x?=0.04). The distribution of germinated seeds is given in table 10. 





Journal of Agricultural Research Vol. 66, No. 


TABLE 10.—Distribution of germinated seeds in the solutions and temperatures shown 
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DISCUSSION 

It is evident from these experiments that maize seedlings grown in 
the dark are benefited by certain nutrient salts, and further that the 
kind of salts determines the part of the seedling to be benefited. The 
action of the salts is reflected not only in the total amount of dry 
matter moved into different parts of the seedling but also in the rate 
of its movement. Seedlings grown in distilled water, for example, 
have mesocotyls heavier per unit of length than those grown in the 
several nutrient solutions, a condition which indicates a retarded 
movement of dry matter along the axis. In distilled water also the 
leaves appear later and do not reach, in a given time, the size of those 
in the salt solutions. 

Bonner (1) measured the growth, by means of curvature, of excised 
coleoptiles of Avena when immersed in various solutions. He found a 
more rapid growth in an acid medium (pH 4.1) and reached the follow- 
ing conclusions: 


* * * Tt would appear then that there are at least two ways connected with 


growth substance in which the growth rate of an Avena coleoptile can be increased. 
The first is the way in which it is done in the normal plant, by an increase [in] the 
total amount of growth substance which is present. Only a small portion of this 
will be in the active non-dissociated form at the pH of the plant, but by increasing 
the total amount present, the amount present as non-dissociated acid will also be 
increased. The second way in which the growth rate may be increased is by con- 
version of some of the inactive growth substance salt already present in the plant 
into the acid. This is what occurs in the ‘“‘acid growth” reaction, when the cells 
of the plant are actually made more acid, and the ionization of the growth 


substance reduced. 

Thimann and Schneider (7), using peeled excised coleoptiles of Avena 
and stems of Pisum floating in the solution, demonstrated an increased 
growth for various concentrations of potassium chloride. 

No attempt was made in any of the experiments herein reported to 
maintain the salt concentrations present at the start. The seedlings 
were enclosed in tin cylinders, which were unopened from the time of 
planting until the plants were measured. In consequence, growth in 
the salt solutions may have been checked either by the exhaustion of 
the required salts or by an excessive concentration through water loss. 
Although the tin cylinders retarded the loss of water from the system, 
the actual quantity of condensed water on the inside of the containers 
and on the plants themselves constituted a loss sufficient to bring 
about a real increase in the concentration of the culture solutions. 

Steward and Preston (6) studied the effect of salt concentration on 
the metabolism of potato disks and reached the following conclusions: 

2. The effects of salt concentration on starch hydrolysis are slight. The 
tendency is for increased concentration of potassium salts to decrease and calcium 


salts to increase starch hydrolysis. This is the converse of the more important 
effect. of salts on all the processes which involve oxidation. 
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3. Increased external concentration of potassium salts increases respiration and 
all other reactions which are favored by oxygen, whereas corresponding concen- 
trations of the calcium salts with a common anion depress these processes. 

4, The salt concentrations which induce high respiration do not produce high 
sugar content. High rates of respiration and lower sugar content obtain in the 
tissue exposed to strong potassium salts and the converse is true of the disks 
treated with calcium salts. Sugar concentration does not determine respiration. 

5. The effective ions of the salts are the cations. The specific effects of the 
cations are accentuated by the anions and these, like the contrast between the 
effect of potassium and calcium salts at the same equivalent concentration, are 
influenced by the anions in the order NO; >Cl> Br >SQ, which is also the order in 
which they influence absorption of a common cation. 

6. The effects of salts on respiration are closely connected with their effect on 
protein synthesis from stored amino acids. Potassium salts stimulate, calcium 
salts depress both processes. 


The behavior of these potato disks may be closely analogous to the 
processes that take place in maize seedlings growing in the dark. 
Chemical analyses were not made of the seedling parts, but Frey- 
Wyssling and Blank (4) have shown, with the coleoptile of maize, 
that water-soluble and protein nitrogen migrate from the seed into 
the coleoptile as long as it is growing. 

In potato disks protein synthesis is depressed in calcium solution 
relative to potassium salts, and if this process holds true for maize it 
might explain the retarded growth of coleoptiles and leaves in the 
calcium solutions tested. However, it should be noted that there is 
an interaction of solution with temperature of such a nature that the 
calcium salts.at 69° F. have relatively less effect on leaf size than at 90°. 

The development of roots, as measured by their dry weight, is un- 
affected by Eaton’s solution (tables 6-8 and figs. 13 and 22). However, 
the solution of calcium salts is obviously detrimental. White (8) 
showed, with excised root-tip cuttings of wheat growing in Upsenski 
solution, that growth could be improved by lowering the calcium by 
as much as 50 percent. 

Naylor (5) studied the effects of temperature, calcium, and arsenous 
acid on seedlings of Poa pratensis growing in the light and reached the 
general conclusion that calcium in large quantities is detrimental to 
young seedlings. Once the seedlings are established, however, calcium 
stimulates rapid growth. The detrimental effect,.at least in the early 
seedling stages, may be the result of root inhibition. Certainly, with 
maize, in those cases where seedling survival depends upon a maximum 
extension of the mesocotyl, calcium is beneficial. 

Day (2) showed, with Pisum sativum, that plants starved for cal- 
cium are dwarfed, and apparently this element plays an important 
role in the stem elongation. 

The morphology of the maize seedling is such that the mesocoty] 
has an upper limit of length, as does also the coleoptile. Under 
ordinary conditions, neither of these organs reaches the maximum 
length. To a certain degree they elongate together, though in the 
early stages the rate of elongation is more rapid in the mesocoty]l. 
The elongation of the coleoptile continues after that of the mesocotyl 
stops. By the time the first leaf is exserted from the coleoptile, 
extension of the mesocotyl is complete. 

Under all except optimum conditions, the mesocotyl does not reach 
its full possible length and the leaves begin growth. As the leaves are 
not exserted from the coleoptile until the mesocotyl has stopped 
elongating, conditions that speed the growth of this organ speed the 
appearance of the leaves. Once the leaves have begun to increase in 
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size rapidly, the mesocotyl shrinks somewhat in length and noticeably 
in diameter. This shrinkage in size is accompanied by a loss of dry 
matter. 

Where two solutions are used, one of which stimulates the develop- 
ment of the mesocotyl and the other the development of the leaves, it 
is evident that in the one case leaf growth will be delayed by the de- 
veloping mesocotyl and in the other case the full length of the meso- 
coty! will not be reached because of the nutrition requirements of the 
rapidly expanding leaves. 

Although these experiments were terminated before the transloca- 
tion of dry matter was complete, there is little reason to believe that 
the leaves in the calcium solution would ever have reached the dry 
weight of those in the complete solutions. The inhibitory effect of 
calcium on leaf development, as compared with the more complete 
solutions, cannot be attributed entirely to the delay in leaf growth 
brought about through the stimulation of the tmesocotyl by this 
element. 

SUMMARY AND CONCLUSIONS 

Maize seedlings grown in the dark were benefited by certain salts 
in the culture medium. 

These salts increased the rate of transfer, and the total quantity 
translocated, of the dry matter stored in the seed. 

Calcium salts stimulated the elongation of the mesocotyl but did 
aot produce the longest or heaviest leaves. 

Leaf growth was stimulated at the expense of the mesocotyl by all 
except calcium salts. 

Coleoptiles and leaves apparently reacted to the same solutions. 

Dry weight of roots was not increased by the salts used and was 
depressed by calcium salts. 

The effects produced by the salts used were dependent on tem- 
perature in the range 69° to 90° F. In certain respects calcium salts 
are relatively less effective in stimulating growth at the lower 
temperature. 
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